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(57] ABSTRACT

A process for producing catalysts to hydrotreat petro-
leum fractions containing, after thermal treatment, an
oxide or a sulphide of a Group VIII metal and an

- oxide or a sulphide of a Group VI B metal and a sup-

port consisting essentially of alumina, said process
comprising preparing said catalyst in the form of
beads by agglomeration of alumina by polymerizing in
a hot and substantially water-immiscible fluid, an
aqueous mixture which consists essentially of alumina
hydrogel, alumina hydrosol and a water-soluble mono-
mer whose uncrossed-linked polymer i1s water-soluble
or forms a gel and then by dispersing said mixture as
droplets, in a polymerization zone.

11 Claims, No Drawings
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PROCESS FOR THE PREPARATION OF
CATALYSTS FOR THE HYDROTREATMENT OF
PETROLEUM FRACTIONS |

BACKGROUND OF THE INVENTION

- The present invention relates to a process for prepar-
ing catalysts which are useful for hydrotreating petro-
leum fractions. More particularly, the present inven-
tion relates to catalysts and their method of prepara-
tion, such catalysts useful for hydrotreatmg petroleum
fractions, and to the hydrotreatment process carried
out in the presence of these catalysts.

When crude oils are distilled, the different fractions
obtained contain amounts of impurities such as sul-
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phur, nitrogen, vanadium, nickel, etc., which vary in

amount with the origin of the crude. In order for fur-
ther use, these fractions generally must be 1mpr0ved
This improvement generally is performed by a hydroge-
nating catalytic treatment or hydrotreatment The ad-
ditional advantage of this hydrogenating treatment is in
the conversion of heavy fractions into light fractions.
The catalysts which are generally used in such process
consists of an oxide of a Group VIII metal, particularly
cobalt or nickel, an oxide of a Group VI B metal, par-
ticularly me]ybdenum or tungsten and a carrier which
1S usually alumma For the industrial use of such hydre-
treatment processes, catalyst llfe should be as long as
possible for economic reasons. Moreover, it is neces-
sary that the catalyst have a high mechanical strength
and a high activity.
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Several processes for preparmg hydrotreatmg cata- -

lysts are known, and their object is to obtain catalysts
hawng a hlgh specific surface or pores of determined
sizes. However, comparative experiments with com-
mercial catalysts generally have shown that the activity
of known hydrotreating catalysts does not mainly de-
pend on these physical properties. These experiments
have shown that a prominent part is taken by the crush-

ing strength and the abrasion strength for the catalyst
life.
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It has been found that catalysts in the form of beads

are more resistant to detertoration than extruded cata-
lysts. Generally, these catalysts are prepared from alu-
mina beads by impregnating the beads with the cata-
lytic agents. Several processes have been proposed for
preparing spheroidal alumina beads. One of these con-
sists of dispersing an alumma hydrosol as droplets Into
a medium wherein gelling occurs, and thereafter, sub-

jecting the beads which are obtained in the form of

alumina. hydrogel to one or more aging treatments in
order to obtain. beads having a suitable mechamcal
resistance. Accordmg to another known process, .an

- alumina hydrosol is mixed with an ammonium salt and_
a synthetic polymer or a natural gum. The mixture 1s.

then dispersed into a water-immiscible medium and
thereafter s"ubjec_ted to an aging_ treatment. However,
these processes have the disadvantage of requiringlong
treatment times, which render them uneconomic. Fur-
ther, alumina beads prepared by some of these knewn
processes contain high amounts, even excessive on
occasion, of impurities which are undesirable when
these beads are used as supports for hydrotreatmg cata-
lysts. . | | | |
An ebject of the present invention is to prowde a new

and improved method for preparing spheroidal catalyst,_

particles on an alumina support.

2

Another object of the present invention is a new ‘and
improved method of preparing particles whose cata-
lytic activity i1s not inhibited by tmpurities.

A further object of the present invention is to provide
a-new and improved process for preparing particles
having uniform sizes.

Still another object of the preeent invention is to
provide a process for producing hydrotreating cata-
lysts. L
A remaining object of the present invention is to
provide a process for producing hydrotreating catalysts
in the form of beads having a smooth surface and a high
mechanical strength and a remarkable activity.

'SUMMARY OF THE INVENTION

The present invention comprises a process for pro-
ducing catalysts useful in the hydrotreatment of petro-
leum fractions, said catalysts containing, after thermal
treatment such as drying and calcining, at least an
oxide or a sulphide of a Group VIII metal and at least
an-oxide or a sulphide of a Group VI B metal and an
alumina support, said process comprising preparing
sald catalysts in the form of beads which are agglomer-
ated with alumina, by polymerizing in a hot and sub-
stantially water-immiscible fluid, an aqueous mixture
which comprises an alumina hydrogel, alumina hydro-
sol and a water-soluble monomer whose ‘uncrossed-
linked polymer is water-soluble or forms a gel, this
mixture being dispersed as droplets into a polymeriza-
tion zone. Beads are thereby formed. The beads are
then treated with solutions of compounds which gener-
ate oxides or sulphides of the Group VIII or Group VI
B metals, and thereafter subjected to a thermal treat-
ment. | N T

More particularly, the process of the present inven-
tion comprises (a) producing an aqueous mixture
which consists essentially of alumina hydrogel, alumina
hydrosol and a water-soluble monomer’ whose un-
crossed-linked polymer is water-soluble or ferms a gel,
dispersing said mixture as droplets into a hot and sub-
stantially water-immiscible fluid, (b) pelymerlzmg said
monomer contained in each droplet of said aqueous

 mixture, (¢) recovering beads consisting essentially of
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alumina hydrogel and hydrosol, agglomerated by the
polymer (d) treating said beade with a solution of a
compound capable of generatmg an oxide or a sulphide
of a Group VIII metal and with a solution of a com-
pound capable of generating an oxide or a sulphide of

a Group VI B metal, and (¢) qubjectmg the resulting
beads to a thermal treatment.

A preferred embodlment of the mventmn comprlqes
preparing an aqueous mixture consisting essentially of
from 5 to 30% by weight (based on metallic oxide) of
alumina hydrogel and hydrosol, 0.25 to 20% by welght
of a water-soluble ethylenically unsaturated monomer
whose uncrossed- lmked polymer is water-soluble or
forms a gel, and 0.05 to 2% by weight of a polymeriza-
tion catalyst, dispersing said aqueous mixture, as drop-
lets, into a water-immiscible fluid, having a tempera-

ture of 50° to 105° C, at atmospheric pressure, main-
taining said droplets in said fluid until beads are formed

and become hard, recovering said beads, impregnating
said beads with a solution of a compound capable of
generating an oxide or a sulphide of a Group VIII metal
and with a solution of a compound generating an oxide
or a sulphide of a Group VI B metal, and subjecting the
beads to a thermal treatment. | |
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According to another embodiment of the present
invention, the process of the present invention for: pre-
paring catalysts comprises, (a) prodicing an aqueous
‘mixture consisting essentially of alumina hydrogel and
hydrosol, a compound capable of generating an oxide

or a sulphide of a Group VIII and Group VI'B metals
and a water-soluble monomer whose uncrossed-linked
polymer is water-soluble or forms a gel, dispersing said
mixture as droplets into a hot and substantially water-
immiscible-fluid, (b) polymerizing said' monomer con-
tained in each of'said droplets of said aqueous mixture,
(c) recovering beads consisting essentially of ‘alumina
hydrogel and hydrosol and of a compound capable of
generating said oxide or sulphide, agglomerated by the
polymer (d) subjectmg said beads to a thermal treat-
ment. | | . | | |
A preferred embodlment of this Iatter embodiment of
the process of the present invention comprises prepar-
Ing an aqueous mixture consisting essentially of from 3
to 29.95% by weight (based on aluminium oxide) of
alumina hydrogel and hydrosol, 0.05 to 10% by weight
of a compound capable of. generating an oxide or a
sulphide of a Group VIII and Group VI B metal (based
on oxide or sulphide), the total amount of -hydrogel,
hydrosol and said generating compounds not exceeding
30% by weight, 0.25 to 20% by weight of a water-solu-
ble monomer, ethylenically unsaturated, whose un-

crossed-linked polymer is water-soluble or forms a gel,

and 0.05 to 2% by weight of a polymerlzatlon catalyst,
dispersing said aqueous mixture, as droplets, into a
water-immiscible fluid having a temperature of 50° to
105° C, at atmospheric pressure, maintaining said drop-
lets in said fluid until beads are formed and become
hard and drying or drymg and calcining said beads.

- DESCRIPTION OF THE PREFERRED
s ' EMBODIMENTS |

Impregnatlon of the beads with the solution of a
compound capable of generating a metallic oxide or
Isulphlde as hereinabove discussed, may be carried out
on. the undrred beads, the dried beads or on the cal-
cined beads. Impregnatlon of calcined beads has the
advantage of allowing the preparatlon of catalyst con-
taining precise amounts of catalytlc agent. When sev-
eral successive impregnations are performed, the beads
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are preferably subjected to a thermal treatment (drymg |

or calcining) between each impregnation.

The alumina hydrogel and the compounds which
~generate metallic oxides or sulphides, added to the
starting aqueous mixture, generally are introduced in
finely divided form in order to ensure ready drspersron
~into the starting aqueous mixture. The alumina hydro-
gel may be prepared by any known method and partic-
ularly, be treating aluminium sulphate with a base, by
'hydrolyzmg an aluminium alcoholate such as alumin-
- ium isopropylate or by treating an alkali aluminate with
an acid or with aluminium sulphate. The precipitate so
obtained is waterwashed and dried. The exact composi-
tion of alumina hydrosols is not known These hydro-
sols ' may be prepared from aluminium bromide, alu-
minium sulphate, aluminium ‘alcoholates and prefer-
ably from aluminium chloride, or by dlgestmg metallic
aluminium into hydrochloric acid or into hydrated

alumlmum chloride. In this latter case, it may be con-

sidered that the acid compounde have the formula x
Al(OH); - AICIl; wherein x is between 4 and 6. The
terms *“‘alumina hydrogel™ and *‘alumina hydrosol,”

used herein, include not only these compounds in a
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pure state, but also these compounds containing a
minor amount of qlllea or alkali srllcate or similar mate-
rial. In other words, the starting aqueous mixture may

contain sodium sﬂlcate in an amount (Based on SiQ,)
which may reach 20% of the alumina hydrogel and

hydrosol weight (based on Al,Oj).

The compound capable of generating an oxide or a
sulphide of a Group VIII or Group VI B metal may be
the oxrde or sulphrde or a compound which gives the
oxide or sulphide by thermal or chemical treatment. In

~other words, an ammonium molybdate may be used as

a generating compound for molybdénum. oxide and
cobalt nitrate as a generating compound for cobalt

oxide. Other generating compounds include nickel
mtrate or chloride, cobalt acetate or chloride, ammo-
nium chromate, chromium oxalate and the like. Ac-

cording to a preferred embodiment of the present in-

vention, at least one of these catalytic agent generatmg
compounds is introduced into the starting aqueous
mixture in an amount which does not generally exceed

10% of the mixture by welght | |

The starting aqueous mlxture must remain suffi-

ciently free flowing at room temperature to allow an

easy dispersion thereof in the form of droplets into the
polymerlzatlon mixture. In order to ‘avoid excessive
investment and drying costs of the beads obtained by
the process, too dilute solutions of the starting aqueous
mixture ‘are to be’ avoided. Preferably, the ‘aqueous
mixture which is used, contains in finely divided form,
5 to 30% by weight of alumina hydrogel and hydrosol
(based on Al,O3) and compounds capable of generat-

ing metallic oxide or sulphide (based on oxide and

sulphide). In some instances, when an acid monomer is
used, the aqueous mixture of alumina hydrogel and
hydrosol becomes thixotropic or may be thickened
with the formation of an irreversible gel. This stiffening
may be avoided (which does not result from a polymer-
ization of the monomer) by subjecting the aqueous
mixture to a vigorous stirring. It'also is advantageous to
prepare starting aqueous mixtures which contain no
more that 10 to 20% by weight of alumina hydrogel and

hydrosol (baséd on aluminium oxide). When basic

monomers are used, the alumma hydrogel and hydrosol
content of the starting aqueous mixture may be higher
but w1thout exceedmg about 30% by weight based on

.'Algoq

In the starting aqueous mixture, the weight ratio of
alumina hydrogel to alumina hydrosol may vary be-
tween wide limits, generally between'99 : 1'and 50 : 50,
and more particularly between 85 : 15 and 55 : 45, the

_ weights of hydrogel and hydrosol being based on Al,Os.
A preferred embodiment for preparing the starting
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aqueous mixture consists in digesting ‘hydrogel into

hydrosol, this treatment being accelerated as tempera-
ture is mcreased The hydrogel plus hydrosol content
may vary in the starting aqueous mixture, and also the
hydrogel to hydrosol ratio, to the extent the aqueous
mixture remains sufficiently free flowing to be easily
dispersed in finely divided droplets into the polymeriza-

‘tion mixture. Those skilled in the art may readily deter-

- mine the optrmum conditions for obtammg sueh a fluid

65

| rmxture in view of the teachings herein.

The water-soluble monomer whose uncrossed- hnked
polymer is water-soluble or forms a gel is selected from
the group conelstmg of ethylenically unsaturated com- .

pounds comprising acryhe compounds of the general

formula
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CH,=C (R"Y—C
R?

wherein R' is H or a methyl radical and R? is a -OR?, or
-NR’R* radical with R? and R* in such radical being H
or a hydrophilic radical, particularly a hydroxyalkyl
radical containing from 1 to 2 carbon atoms or a meth-
oxy methyl radical. Non-limiting examples of such
compounds are acrylic acid, methacrylic acid, acrylam-
tde, methacrylamide, N-hydroxy-methylacrylamide,
N-hydroxymethylmethacrylamide, N-methoxymethyla-
crylamide, N-methoxymethylmethacrylamide, ethyl-
eneglycol monocrylate, ethyleneglycol monomethyery-
late and the like. The choice of the monomer mainly
depends on economic conditions, and, for that reason,
acrylic acid, methacrylic acid, acrylamide and mixtures
thereof preferably are used. | |

The term **water-soluble monomer whose uncrossed-
linked polymer is water-soluble or forms a gel,” as used
herein, includes ethylenically' unsaturated monomer
mixtures containing a major part of monomers whose
uncrossed-linked polymers are water-soluble and a
minor part of monomers whose uncrossed-linked poly-
mers are water-insoluble.

The amount of water-soluble monomer employed
depends on many factors, such as amounts of alumina
hydrogel and hydrosol, monomer type, desired appar-
ent density for the final calcined beads, etc. Generally,
the amount of monomer is between 0.25 and 20% by
weight of the aqueous mixture. It has been observed
that the behavior of the beads obtained by the process
of the present invention depends on the respective
amounts of alumina hydrogel plus hydrosol (based on
oxide). Preferably, the monomer is used in an amount
corresponding to about 5 to 150% of the alumina hy-
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surface of the liquid. Another embodiment consists in
using a liquid medium whose density is lower than that
of the beads, and more particularly a mineral oil. A

- generally used such technique is described in U.S. Pat.

No.2,620,314. Such technique: consists'in using a col-
umn filled with hot-oil in which droplets of an aqueous

‘mixture are let to fall, the residence time of the droplets

in the oil being sufficient to allow the polymerization of
the. monomer. Temperature of the liquid is at least

-equal to about 50° C in order to reduce the polymeriza-

tion time. Temperatures higher than about 105°-110°
C induce an evaporation of water and a disaggregation
of beads, except if the process is carried out under

pressure. According.to a preferred embodiment, ‘the

temperature of the liquid is between 75° and 100° C, at
atmospheric pressure. o | |

In order to reduce the time needed for the beads to
form, it is advantageous to use means for promoting the
polymerization of the monomers. Free radical catalysis
techniques with peroxidic compounds are particularly
useful, and especially redox system catalysis, which
consists of using as catalyst a combination of a perox-
idic compound and a reducing agent. Persulphuric
acid, hydrogen peroxide, perboric acid and their salts,
particularly sodium, potassium or ammonium persul-
phates and the water-soluble peractds, such as perace-

- tic acid, are examples of useful peroxidic compounds.
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drogel plus hydrosol weight (based on oxide). Higher 40

amounts of monomers may cause a disaggregation of
the beads when these latter are subjected to calcina-
tion. Too low an amount of monomer gives beads
which are not readily workable and not very firm. In

Reducing agents may be selected from the group con-

sisting of sodium thiosulphate, sodium hyposulphite or
dithionite, sodium or potassium bisulfite, N,N,N’.N'-

- tetramethylethylene-diamine, sodium formaldehydro-

sulfoxylate, hydrazine, ascorbic acid, etc. A part of the
reducing agent may be introduced into the starting
aqueous mixture, the other part being added into the
water-immiscible fluid in which the polymerization is
performed, to the extent such reducing agent is'soluble
to the fluid. It may also be added into the vessel in
which the beads are recovered. The term “‘polymeriza-
tion catalyst,” as used herein, includes the peroxidic
compound when this latter is used with or without
reducing agent. The amount of polymerization catalyst
can vary widely, and depends on the inhibitor content

- of the monomer used. Generally, the amount of poly-

order to obtain beads which, after calcination, present 45

Interesting properties with regard to density and me-
chanical strength, an aqueous mixture is used wherein
the amount of monomer corresponds to about 5 to 75%
of the alumina hydogel plus hydrosol by weight (based
on oxide). | | o

_the starting mixture is dispersed into a substantially
water-immiscible fluid, having a temperature between
about 50° and 105° C, at atmospheric pressure. Prefer-
ably, the aqueous mixture is introduced with the aid of
calibrated orifices or nozzles, in order to obtain a sub-
division of said mixture in the form of droplets which
are dispersed into the fluid. The residence time of the
droplets in the fluid must be sufficient to permit the
polymerization of the monomers. This water-immisci-

ble fluid may be a gas, such as dry air, which is intro- 60

duced into a tower in counter-current flow to the drop-
lets of the starting aqueous mixture. Another advanta-
geous embodiment of the invention is in using, as such

fluid, a water-immiscible liquid. This liquid may have a

density higher than that of the beads to be prepared. In
such case, the starting aqueous mixture is introduced as
droplets at the bottom of a column. containing the lig-
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uid and the beads formed and then recovered from the |

merization catalyst employed is between about 0.05
and 2% by weight of the aqueous. mixture when the
monomer is substantially free from inhibitors.

The mixture subjected to polymerization may con-
tain a cross-linking agent which has functional groups
so that the polymer chains are linked together and form
a three dimensional structure. Cross-linking agents may
be 1,3-di(acryl- or methacryl-amidomethyl)-2-
imidazolidone, hexahydrotria’cry]byltriazine', - N,N'-
methylidene-bis-acrylamide and alkylidene-bis-acryla-
mides, such as N,N’-methylene-bis-acrylamide and
N,N’-ethylidene-bis-acrylamide when the acrylic
monomer used has an amide group, an aldehydic com-
pound may be used as cross-linking agent, such as for-
maldehyde and glyoxal. Glyoxal reacts with a part of
acrylamide to form N,N’-dihydroxyethylene-bis-acryla-
mide. It is not necessary to add a cross-linking agent
when the acrylic monomers are in an acid medium, but
it may be useful to reduce attrition of the beads formed.
The amount of cross-linking agent does not generally

exceed 1% of the weight of the aqueous mixture, al-

though higher amounts may be used, but without any

significant advantage. -
The beads obtained are subjected to a thermal treat-

ment, particularly drying at a temperature of about
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110° C. When used as catalysts or catalyst supports, the
‘beads are calcined by progressively increasing the tem-
perature up to about 400° to 800° C, preferably 500° to
700° C. During this calcination the organic matter con-

tained in the beads is destroyed and finally, beads con- °

sisting of firmly agglomerated alumina are obtained.
The hydrotreating catalysts prepared by the process

of the invention preferably comprise about 2 to 8% by
weight of an oxide or sulphide of a Group VIII metal,
particularly cobalt or nickel, and about 5 to 35% by 10
weight of an oxide or sulphide of a Group V1 B metal,
particularly molybdenum or tungsten. More particu-
larly, the catalysts comprise from 2 to 5% by weight of

cobalt oxide or sulphide and from 5 to 15% by weight
of molybdenum oxide or sulphide or from 4 to 8% by

welght of nickel oxide or sulphide and from 5 to 15%
by weight of molybdenum oxide or sulphide.

The following examples are presented to illustrate
the present invention but are not to be construed as
limiting. Except as otherwise specifically stated, the
percentages indicated in the examples are expressed by
weight. In the examples, the ‘'mechanical resistance of
the beads 1s expressed by the crushing resistance mea-
sured with the Tablet Hardness Tester apparatus (of
Manestry Machines Ltd, Liverpool, Great Britain), in
which the bead is placed between two plates, one of
which is fixed and the other moves for increasing
wetght. The mechanical resistance values given in the
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examples are the average values of experiments per- .,

formed on five beads. |

For hydrodesulphurization catalysts, no precise rela-
tion exists between their physical properties and their
catalytic activity. Then the relative space activity 1s
considered. In such case, the space activity of a refer- ;¢
ence catalyst is determined; it is a commercial catalyst
which contains 18.8% by weight of molybdenum oxide,
5.2% by weight of nickel oxide, less than 0.06% of
cobalt oxide, 10.9% of SiO,, the rest being alumina.
The relative space activity of the catalyst is the number ,,
of m? of feed to desulphurize which can be treated per
m3 of catalyst per hour, to obtain a determined desul-
phurization of this fraction, divided per the number of
m? of feed which can be treated per m?® of the reference
catalyst and per hour to obtain the same degree of 45
desulphunzat:en This relative space activity (RSA) of .
a catalyst is gwen by the following formula

'__LLHW X |
(LHSV) t X100 50

RSA =

where LHSV is the liquid hourly space velocity of the
treated feed and ref. is the reference catalyst, and x is
the catalyst prepared hereunder. The desulphurization
which is considered is 70% of residual sulphur for a gas 55
oil, 10% of residual sulphur for a naphtha, and 24% of
residual sulphur for a petroleum distillation residue.

EXAMPLE |
Part A - Preparation of the catalyst 60

“An aqueous mixture was prepared containing the
followmg |

alumina hydrogel - 8% (based on Al,O3) _65
alumina hydrosol 2% (based on Al,O;)

acrylic acid | | G
dihydroxyethylenc-bis-acrylamide 0.05%

ammonium persulphate - 0.20%

g

-continued

sodium bisulphite (1.02%

Alumina hydrogel was prepared by treating aluminium
sulphate with caustic soda up to pH = 9. The precipi-

tate obtained was waterwashed, dried at 110° C,
‘crushed and sieved. Alumina hydrosol contained 6.8%

of aluminium and 8.22% of chlorine. Alumina hydro-
gel, alumina hydrosol and water were mixed together.
The mixture was heated at 95° C for one hour, and
thereafter cooled at about 20° C before adding the
other reactives. This mixture was m]ected dropwise
into a column containing paraff”mc oil (d* 0.83)
heated at 100°.C. Beads formed and were recovered at
the bottom of the column. The beads were water-
washed, washed in an ammonium solution and then
maintained in a 5.6% ammonium solution for a period
of time. The beads were then dried at 110° C and cal-
cined at 500° C. After calcination, the beads had an
apparent density of 0.55 g/ml and a crushing strength

of 3.65 kg. These beads were impregnated under vac-
uum with an ammonium paramolybdate solution at pH

25 = 7. The beads were recovered by filtration, dried at
- 120° C, and thereafter impregnated under vacuum with

a cobalt nitrate solution. The beads were dried at 110°
C and calcined at 575° C. The catalyst beads obtained
contained 3.9% of CoO and 13.9% of MoQO3;.

Part B - Determination of .eatalytie actiﬁty o

‘The catalyst prepared in Part' A was subjected to a
presulphurization by treating it with a gas mixture con-
taining hydrogen (85% by volume) and H,S (15% by

 volume), at a flow rate of 0.5 I/hr. The temperature in

the reactor was maintained at 400° C. This gas mixture

was then substituted by hydrogen and a hydrodesulphu-

rization of gas oil (distilling between 193° and 362° C)
containing 1.002% of sulphur was carried out, at a
temperature of 275° C and under a pressure of 35

- kg/cm?®. Several experiments were then performed at

different hourly space velocities of 3.4, 5, 8 and 12
liters of feed per hour per liter of catalyst and by using
450 m?® of hydrogen per m® of gas oil. Under the same
conditions, the gas oil was subjected to hydrodesulphu-
rization in the presence of the reference catalyst. It was
considered that the reference catalyst had a space ac-
tivity of 100. The space activity of the catalyst prepared

as described in Part A of this Example, was 147. -

By way of comparison, space activity of three other
commercial catalysts was determined. They were also
constituted of oxides of Groups VIII and VI B metals
and of alumina. The average relative qpace actmty of
these three catalysts was 93. . . | |

EXAMPLE 2

The procedure described in Part A of Example I was
repeated, but with an aqueous . mixture containing
0.75% by weight of acrylic acid and 0.30% by weight of
acrylamide instead of 1% of acrylic acid. This catalyst
was used as described in Part B of Example 1 for hy-
drodesulphurizing gas oil. The relatwe space actmty of
this catalyst was 142. | SRR,

EXAMPLE 3

The procedure descrlbed n Example 1 was repeated
but with a starting - aqueous mlxture contammg the
following: - | |
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| EXAMPLE §
alumina hydrogel 8% (based on Al,0,) An aqueous mixture was prepared containing the
alumina hydrosol 2% (bascd on Al,QO,) foll 9 P P g
methacrylic acid 0.75% - O meg
N.N'-ethylidene-bis-acrylamide - 0.03% 3
ammonium persulphate 0.10% |
sogium blSUIPh“c 0.01% alumina hydrogel [3.2% (based on Al,O,)
~ alumina hydrosol R.8% (based on AIEO-;)
__ acrylamide o 4.5%
ethyleneglycol mnnumcthacrylatc 1%
The beads obtamed after drying and calcining had an |5 giyoxal 0.2%
apparent density of 0.57 g/ml and a crushing strength d":j‘i"““'g,m FEJFtU'th 3823
- sodium bisulphite 06%

of 3.5 kg. 11.7 g. of these beads were impregnated
under vacuum with 20.1 ml. of a solution containing
4.06 g. of ammonium heptamolybdate and 7.0 g. of
cobalt nitrate. After drying at 120° C and calcining at 15
500° C, the beads contamed 4 3% of CoO and 13.1% of
MoO.

The relative actwlty of this catalyst under the condi-
tions of Part B of Example 1 for gas ml was 167.

EXAMPLE 4
The procedure described in Example | was repeated
but with a starting -aqueous mixture containing the
following: |

For preparing this mixture, hydrogel, hydrosol and
water were mixed together at 95° C for one hour.
Thereafter the mixture was cooled at room tempera-
ture before adding the other reactants. This mixture
was injected dropwise at the bottom of a column con-
taining Phenoclor DP 4 (chlorinated diphenyl sold by
Progil S. A. and having a density of 1.39 at 100° C)
having a temperature of 100° C. The beads were recov-
ered from the surface of the liquid, were waterwashed,
dried at 110° C and calcined at 550° C. These beads
were impregnated under vacuum with a solution con-
taitning ammonium molybdate and nickel nitrate, and
after drying at 120° C and calcining at 550° C, beads
were obtained which contained 12.8% of MoO and
6.2% of Ni10. The relative activity of this catalyst was
139 when it was used for hydrodesulphurizing gas oil.
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8% (based on Al,O,)
2% (based on Al;0;)
0.33%

alumina hydrogel
alumina hydrosol
sodium silicate

(with 30.4% of Si0,)

‘ment wherein the hourly space velocity was 0.25 liter
of feed per liter of catalyst per hour, 26% of a fraction
whose boiling point' was under 350° C, was produced.

acrylic acid 1.5% 30
dlhydrnxyethylene bis- dcrylamlde 0.075% . - EXAMPLE 6
ammonium persulphate (0.24%
sodium bisulphite 0.024% An aqueous mixture was prepared containing the
| followmg
The beads were recovered at the -bottom of a column 33 —
containing oil heated at 97°. C. They had been main- d:um'“ﬂ Eygmgﬂl' ﬁg (Efl“g on i:z‘g-ﬂ
- tained in cold oil at 25° C during 20 hours. After water- ‘iﬂ,‘ﬁ'{,‘jmfmf‘i?;’m i'sf_g(q,dsc on AlDa)
- washing, they were maintained in a 5.6% ammonium SF;YHC dcldh'l " - 1‘2'77*" .
solution. Thereafter, they were dried at 120° C and a:n,i“{,?i’:f’;‘p‘g;;ﬂ‘f,;hz‘;;‘“” amide.. 8;;45’;{."
calcined at 700° C. The calcined beads had an apparent 40 sodium bisulphite | (1.024%
density of 0.768 g/ml and a crushing strength of 3.7 kg.
349 g. of these beads were dipped under vacuum into _ _
531 ml. of a solution containing 139 g. of ammonium Alumina hydrogel,_alm_:nma hydrosol and Watff were
heptamolybdate and 60.6 ml. ammonium at 28%. mixed togéether. T:hlS mixture was heated at 95° C for |
Thereafter, the beads were dried at 120° C and then 4> hour. After cooling at about 20° C the evaporated
impregnated under vacuum with a solution containing  Water was replaced, molybdenum oxide was added, the
85.5 g. of cobalt nitrate. The impregnated beads were mixture was stirred for one hour and thereafter the
the:,n d.rie d at 120° C a.n d calcined at 500° C. They other constituents of the mixture were added.
contained 2.78% of CoO. 15.2% MoO, and 1.35% This mixture was injected dropmsenmto a column
Si0,. The space activity of this catalyst used for hy- 30 containing paraffinic oil heated at 95° C. The beads
| 2 P y 4 y were retovered at the bottom of the column, were
drodesulphurizing gas oil as in Example 1 was 185. waterwashed; dried at 110° C and calcined at 500° C.
g wl’lth this catzgyst thle hydrotre?:‘ment;)f ahpetrole(;Jm - The calcined beads contained:13.5% of MoO;. They
ISt ation resl ue, a’s0 was periormed, this residue were then impregnated under vacuum with a cobalt
boiling above 350° C and containing 4.1% sulphur. 55 1340006 solution. After drying at 110° C and calcining at
Several experiments were carried out . at different  g5q00 ¢ they contained 3.4% of CoO in addition. The
hourly space velocities varying between 0.25 to 2 liters relative activity of this catalyst was 115 when it was
?E (t;eedq pefrl:mdur and per lltgr ?ffca;a]{jt dand ]E)y using used for hydrodesulphuriziﬁg gas oil.
m?® of hydrogen per m?® of fee nder the same
conditions, this residue was subjected to treatment in 60 EXAMPLE 7 | )
the presence of the reference catalyst which was previ- An aqueous mixture was prepared containing the
~ ously subjected to a sulphurization step. It was consid- following:
-EI‘Ed that the reference catalyst had a space BCthlty of 477 7 g. of alumina hydroge] prepared by hydrolyzj‘ng
100..The relative space activity of the catalyst prepared aluminium isopropylate and drying at 110° C (25%
pursuant to this Example was. 124. Also, in the experi- 65 water) '

41.15 g. of alumina hydrosol (containing 10.58% of
aluminium and 10.41% chlorine) |
1.64 g. of sodium silicate (30.4% of SiO,)
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6.7 g. of MoQ, -

6.21 g. of Co(NO;), - 6 H,0

1.8 ml of a solution containing 63.5% of acrylic acid

and 3.17% of dlhydroxyethylene -bis-acrylamide.
371.7 g. of water.

First, hydrogel, hydrosol and water were mixed to-

gether. This mixture was heated at 95° C. After cooling
at about 20° C, the other constituents were added.
Thereafter, 10 ml of a 10% ammonium persulphate
aqueous solution and 5 ml. of a 2% sodium bisu]phite
aqueous solution were added. This mixture was in-
jected dropwise into a column containing paraffinic oil
heated at 95° C. The beads obtained were washed with
-gasoline, dried at 120° C and calcined at 500° C. The
beads so obtained had a crushing strength of 3.2 kg and
contained 3.1% of CoO and 13.8% of M0O,;. The rela-

tive activity of this catalyst was 129 when It was used
for hydrodesulphunzmg gas oil. |

EXAMPLE 8

An aqueous mixture was prepared containing the
following:

- PR b L

alumina hydrogel
alumina hydrosol

8% (based on Al,0,)
2% (based on AL,O,)

acrylic acid }.5%
dihydroxyethylenc-bis-acrylamidc 0.075%
ammonium persulphate ().247
sodium bisulphite 0.024%

This mixture was dispersed as droplets so as described
in Example 1. 189.5 g. of the undried beads (corre-
sponding to 20 g. of alumina) were dipped into 100 g.
of-an ammonium heptamolybdate solution correspond-
Ing to 5.4% of MoO;. Thereafter, the beads were fil-
tered, dried and calcined. Then they were impregnated
under vacuum with a cobalt nitrate solution, dried and
calcined again. The catalyst obtained in the form of
beads contained 12.4% of Mo0O, and 3.3% of CoO. Its

relative activity for hydrode%ulphurlzmg gas oil was
112.

EXAMPLE 9
220 g. of water, 205.3 g of alumina hydrogel (corre-

10
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~ alumina hydrogel

30
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alumina hydrogel
alumina hydrosol
acrylic acid

8% (based on Al,O,)
2% {(bhased on Al,Qy)
1.75%

dihydroxycthylenc-bis-acrylamide 0.08B75%
ammonium- persulphate 0.32%
sodium bisulphite 0.0329%

This mixture was dispersed as described in Example. 1

into a column containing oil. Beads were recovered at

the bottom of the column, waterwashed and dried by a
slow calcination up to 700° C. They had a crushing
strength of 3.4 kg and an apparent density of 0.62 g/mi.
Thereafter the beads were impregnated first with meta-
tungstic acid and thereafter with nickel nitrate: After

‘each impregnation, a calcination was performed. The

catalyst contained 22.5% of tungsten oxide and 7.1% of
nickel oxicde. Its relative space activity was 117 when
1t was used for hydrodesulphurizing gas oil.

EXAMPLE 11

An aqueous mixture was prepared containing the
following;

6.0% (based on Al,O3)

alumina hydrosol 4% (based on ALO;)

acrylic actd 2.5%
dihydroxyethylene-bis-acrylamide 0.125%
ammonium persulphate 0.4%
sodium bisulphite 0.04%

~ This mixture was dispersed as described in Example 1
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sponding to 20.8 g. of alumina) and 26 g. of alumina -

hydrosol (corresponding to 5.2 g. of alumina) were
mixed together. This mixture was heated at 95° C dur-
ing 1 hour. After cooling, the amount of evaporated
water was replaced, and to this was added, under vigor-
ous stirring, 4.1 g. of finely divided molybdenum sul-
phide. To this was then added, under stirring, 10 ml. of
a solution containing 60% of acrylic acid and 3% of
dihydroxyethylene-bis-acrylamide, 7 ml. of a 10% am-
monium persulphate solution and 3.5 ml. of a 2% so-
dium bisulphite solution. This mixture was dispersed as
droplets into a column containing oil heated at 95° C.
Beads were recovered, washed, dried at 120° C and
calcined at 500° C. These beads had a crushing strength
of 4.5 kg. Next, these beads were impregnated with a
cobalt nitrate solution and the catalyst obtained con-
tained 6% of molybdenum and 2.6% of cobalt. The
relative space activity of this catalyst for the hy-
drodesulphurization of gas oil was 106.

EXAMPLE 10

An aqueous mixture was prepared containing the
following:

50
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into a column containing oil. Beads were recovered at
the bottom of the column which contained paraffinic
oil heated at 95° C. The beads were waterwashed, dried

at 110° C and calcined at 700° C. Their crushing

strength was 3.1 kg and their apparent density was 0.7
g/ml. These beads were successively impregnated with
solutions of ammonium heptamolybdate, nicke! nitrate
and cobalt nitrate. Each impregnation was followed by
a drying at 110° C and the final impregnation by a
calcination at 500° C. The final catalyst contained
17.2% of molybdenum oxide, 0.7% of nickel oxide and
1.4%. of cobalt oxide. The relative activity of the cata-
lyst was 125 when it was used for hydrodesulphurizing
gas oil. |

EXAMPLE 12

The procedure described in Example 1 was repeated
except that the starting aqueous mlxture had the fol-
lowing composition:

7.2% (based on Al,Qj) -
1.6% (based on Al,0;)
1.0% (based on SiO,)

alumina hydrogel
alumina hydrosol
sodium silicate

acrylic acid V5%
dihydroxycthylene-bis-acrylamide 0.075%
ammonium persulphate 0.25%
sodium bisulphite

- 0.025%

The resulting beads which were calcined at 700° C, had
an apparent density of 0.48 g/ml. and a crushing
strength of 2.1 kg. These beads were impregnated with
an ammonium heptamolybdate solution, dried at 120°.
C, and thereafter impregnated with a cobalt nitrate
solution: After calcining the beads, the catalyst con-
sisted of beads containing 13.3% of MoO;, 3.4% of
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CoO and about 8.3% of SiO,. This catalyst was sub-

jected to an experiment which is comparable to the one
described in Example 4 for hydrotreating a residue.
The relative activity of this catalyst was 128. With an
hourly space velocity of 0.25, 24% of light fractions

having a boiling pomt under 350“ C was produced
What 1s claimed is:

1. A process for producing catalysts to hydrotreat
petroleum fractions, said catalysts containing, after
thermal treatment, an oxide or a sulphide of a Group
VIII metal and an oxide or a sulphide of a Group VI B
metal and a support consisting essentially of alumina,
sald process comprising
preparing said catalyst in the form of beads by ag-
glomeration of alumina by polymerizing in a hot
and substantially water-immiscible fluid medium,
an aqueous mixture which consists essentially of
about 5-30% by weight of alumina hydrogel and
alumina hydrosol based on alumina and about
0.25-20% by weight of a water-soluble acrylic
monomer which is polymerizable to an uncrossed-
linked water-soluble polymer or an uncrossed-

linked gel polymer, said acrylic monomer being of
the formula

wherein R' is selected from a group consisting of -H
and -CHj; and R® is selected from the group consisting
of -OR? and -NR?R*, wherein R?® and R* are selected
from the group consisting of -H and a hydrophylic
radical; |
dispersing said aqueous mixture in the form of drop-
lets into said fluid medium to effect polymerization
of the monomer;
recovering the polymerized beads dispersed -in said
~ fluid medium; and
subjecting said beads to drying and calcining thermal
treatment; wherein said oxide or sulphide is intro-
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duced into said beads prior to said thermal treat-
ment.

2. The process of claim 1 wherein said aqueous mix-
ture contains about 5 to 30% by weight of alumina
hydrogel and hydrosol based on alumina, about 0.25 to
20% by weight of said water-soluble acrylic monomer,
and about 0.05 to 2% by weight of a polymenzatlon
catalyst for said monomer.

3. The process of claim 1 wherem the ratio of alu-
mina hydrogel to alumina hydrosol in said aqueous
mixture 1S between about 99 : 1 and 50 : 50.

4. The process of claim 3 wherein said ratio is be-
tween 85 : 15 and 55 : 45. |

-d. The process of claim 1 wherein said aqueous mix-
ture contains a monomer in an amount corresponding
to about 5 to 150% of the alumma hydrogel and hydro-
sol by weight.

6. The process of claim 1 wherein said monomer
consists of a major part of a monomer whose un-
crossed-linked polymer is water-soluble and of a minor
part of a monomer whose uncrossed-linked polymer is
water-insoluble.

7. The process of claim 1 wherein said alumina hy-
drogel and hydrosol contain a minor amount of silica or
alkali silicate. |

8. The process of claim 1 wherein said aqueous mix-
ture contains a cross-linking agent which can react with
said monomer. | |

9. The process of claim 1 wherein said polymeriza-
tion of said aqueous mixture is carried out by dispersing
sald aqueous mixture as droplets, and passing these
droplets in counter-current flow to a dry hot gas.

10. The process of claim 1 wherein said polymeriza-
tion of said aqueous mixture is carried out by dispersing
sald aqueous mixture as droplets at the bottom of a
column containing a liquid havmg a density higher than
that of said beads, and recovering said beads from the
surface of said liquid.

I'l. The process of claim 1 wherein said polymeriza-
tion of said aqueous mixture is carried out by dispersing
sald aqueous mixture as droplets, at the head of a col-
umn containing a liquid having a density lower than

~that of said beads, and recovering said bead% at the
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bottom of the column. |
. % % kK e
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